INTRODUCTION
The best overall index of renal function is the glomerular filtration rate (GFR) [1] . Since measuring the GFR can be cumbersome and costly, estimation of GFR is essential for the diagnosis and evaluation of chronic kidney disease (CKD), defined as kidney damage or GFR <60 niL/min/1.73 m 2 for ≥3 months and staged by levels of GFR according to the NKF KDOQI (The National Kidney Foundation Kidney Disease Outcomes Quality Initiative) guidelines published in 2002 [2] . These now decade-old guidelines are under consideration for revision by the KDIGO (Kidney Disease: Improving Global Outcomes) CKD Work Group [3] . Several authors have proposed in the past different equations to estimate GFR based on serum creatinine concentration, the latter being determined by the individual's muscular mass in steady state, and thus by age, gender and ethnicity [4] [5] [6] [7] [8] . Among these equations, the one proposed by Cockcroft and Gault in 1976 [4] was doubtless the most popular for many years because of its simplicity and ease to calculate at the patient's bedside. However, this equation is an estimation of the creatinine clearance, not of the GFR, and was particularly imprecise, notably in CKD patients. In 1999, an equation derived from measured GFR (mGFR) was developed in the Modification of Diet in Renal Disease (MDRD) Study. This equation included the serum creatinine concentration and six other variables, subsequently abbreviated to four variables [5, 6] . This equation has been endorsed by the KDOQI guidelines and is currently used by most clinical laboratories [2] . Several limitations of the MDRD study equation were elaborated on in the literature [9] [10] [11] [12] , the major one being the systematic underestimation of mGFR >60 mL/min/1.73 m 2 , which essentially translates in to overestimation of the CKD prevalence. A new equation, the CKD-Epidemiology Collaboration (CKD-EPI) equation, was proposed in 2009 for better estimation of GFR levels >60 mL/min/1.73 m 2 [7] .
ASSESSING THE PERFORMANCE OF EQUATIONS (OR WHY WE NEED PRECISION)
Four main statistical tools are used when performance of equations must be evaluated: bias, precision, accuracy and CKD classification.
Bias is defined as the mean (or median) difference between the estimated GFR (eGFR) and mGFR [13, 14] . It is a conceptualization of the systematic error. Because this error is systematic, it is relatively easy to assess. For example, if a particular equation systematically underestimates the mGFR by 5 or 10 mL/min/1.73 m
2
, it is not difficult for the clinicians to interpret the eGFR result for a given patient. Conversely, when considering the eGFR results in population studies, such a systematic error will be misleading in terms of CKD prevalence or CKD-related mortality and morbidity-associated risk [15, 16] . This was specifically observed with the MDRD equation, which by underestimating the mean mGFR, overestimates the CKD stage 3 prevalence in the general population [7, [15] [16] [17] [18] .
Precision is a concept that is frequently forgotten by most authors but it is, however, fundamental. Precision is usually expressed as standard deviation (SD) or interquartile range (IQR) of the bias, and thus represents the spread of 68% (assuming normal distribution) or 50% of the values around the bias, respectively. It conceptualizes the random error, which is much more difficult to assess and correct than the bias. The conceptualization is easier for the clinician to understand when precision is expressed as SD instead of IQR, because the former permits the estimation of the 95% range of eGFR values. Contrary to the bias, this type of error will have a low impact on the results in a population, e.g. the CKD prevalence. However, such an error could be misleading for the clinicians when interpreting an individual's eGFR result. In a patient with an mGFR of 60 mL/min/1.73 m Accuracy combines bias and precision and it is easy to understand when presented as the percentage of eGFRs within a defined range of their respective mGFRs. Root mean square error also combines bias and precision but its conceptualization is more difficult to interpret in practice by clinicians. In the KDOQI guidelines, a range of ± 30% with 90% of eGFRs in this range, was cited as a useful measure of accuracy [2] . As practicing clinicians, we have to question if such a goal is really sufficient for important clinical decisions, as, for example, whether a potential candidate could be a living kidney donor. In such situations, an accuracy of ± 15% could be more useful [9, 14] .
CKD classification is one of the most important statistical tools for the clinicians when evaluating the performance of an equation on an individual level [9, 19] . It is related to the percentage of patients correctly classified by eGFR into the different CKD stages in comparison with the confirmatory test of mGFR [20] . Unfortunately, this statistical tool is not always used appropriately [9] . For example, some authors [7, 21] consider the eGFR as a reference, while many others correctly used the mGFR as a reference for defining the five CKD stages when assessing an equation's performance [19, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] ]. An equation with high correct CKD classification would decrease the need for determining the mGFR and provide great confidence to the clinicians to implement an appropriate plan of action according to the individual's eGFR result.
THE CKD-EPI EQUATION: WHAT IS (REALLY) NEW?
The relationship between GFR and serum creatinine is different in healthy subjects and CKD patients [33, 34] . This physiological fact explains why the MDRD equation, developed exclusively from a CKD population, underestimates the high GFR levels. Because the authors of the CKD-EPI equation included a significant proportion of subjects with a 'normal' GFR, the serum creatinine variable was modelled as a spline with sexspecific knots (0.7 and 0.9 mg/dL for women and men, respectively) and different exponents were applied to serum creatinine according to its level [7] . As expected, the performance of the new equation was globally better than the MDRD one. For example, in the external validation data set, the median bias (eGFR-mGFR), precision (IQR) and accuracy ±30% for the MDRD and CKD-EPI equations were: -5.5 versus -2. How can we explain this absence of a better precision in the new equation? Two main explanations could be advanced. First, the precision of an estimator will strongly depend on the precision of measuring serum creatinine (as a main biological variable) and GFR. In the vast majority of studies used as development data set for the CKD-EPI equation, serum creatinine has been measured by the Jaffe methods which are largely less precise, even if isotope dilution mass spectrometry traceable, than the enzymatic methods. This imprecision impacts the global accuracy of the new equation [35] [36] [37] . Hence, it is not surprising that the best accuracy of creatinine-based equations is seen in studies with serum creatinine measured by enzymatic assay in paediatric [38] or adult [14, 39] studies. In the development data set, only urinary clearances of subcu-taneously injected iothalamate were performed to measure GFR. In this measurement, precision is not the best [40] and, incidentally, the plasma clearance of iohexol has been shown to have a better precision and reproducibility [41] [42] [43] . Secondly, the relative lack of precision of the CKD-EPI equation is probably due to the studied population [7] . Certainly, the population sample is impressive as the new equation has been built from a development data set including 5504 subjects (with an internal validation data set of 2750 subjects) and subsequently tested in an external validation data set of 3896 subjects. Although the MDRD cohort represented a relatively homogeneous population (CKD patients without diabetes), the CKD-EPI one included a more heterogeneous population with potentially different GFR-serum creatinine relationships [33, 34] .
After its introduction, the CKD-EPI equation was studied in various populations. A PubMed database (last accessed 18 June 2012) search for GFR, MDRD and CKD-EPI in adults with a minimum of 50 mGFRs (estimates from smaller studies can be unreliable) and provided data for ± 30% accuracy recovered 26 publications [7, 21, 26, 32, 39, . The results for accuracy, bias and precision and their respective calculated weighted average values are presented in Table 1 . The CKD-EPI equation had a slightly better weighted average for ±30% accuracy of 1.8%, mean/median bias of 3.5/0.1 mL/min/1.73 m 2 , respectively, and precision of 1.1 mL/min/1.73 m 2 compared with the MDRD one. These differences are not clinically significant with the exception of a better mean bias of 3.5 mL/ min/1.73 m 2 when considering the very low GFR levels. The differences between the two equations by weighted average analysis for strata of GFR >60 mL/min/1.73 m 2 were again clinically insignificant.
CONCLUSION: POPULATION VERSUS PATIENT IMPLICATIONS
At best, the CKD-EPI equation might be considered as an evolution but not a revolution. By improving the systematic error of the CKD-EPI equation in comparison with the MDRD one, the advantage of the new equation is when we think in terms of population [7, 14, 17, 65] . In this view, it seems that the CKD-EPI equation performs better to define the CKD stage 3 prevalence in a general population, and especially in the younger subjects [66] . However, without the confirmatory mGFR test, this conclusion is not reliable and there are still reasons to think that the new equation overestimates the CKD prevalence in the Caucasian population [17] . In the same thought, it has been recently proved in different cohorts that the better bias linked to the CKD-EPI equation leads to a better prediction of the CKD-associated risk of mortality [65, 67, 68] . Although impressive, we have already underlined the limitations of this type of epidemiological studies [69] .
The superiority of the CKD-EPI equation could be accepted in epidemiological trials but this is certainly more questionable if we are thinking in terms of 'the patient'. If we have to know and follow the GFR of a given individual, the concept of precision becomes very important and in this context, the CKD-EPI equation is clearly lacking any additional value. This assertion is reinforced if we consider the percentage of subjects who are correctly classified into the five CKD stages. In the validation data set, Levey et al. [7] demonstrated a concordance between the measured and estimated CKD stages of 69%, while Murata et al. [21] observed a correct classification of >70% only in 6 of the 25 GFR studied groups. Bjork et al. [32] found an overall proper CKD classification of 69%. All these results should be considered suboptimal as in the case of the 38% overall CKD misclassifications reported for the MDRD equation in a recent review [9] .
Obviously, both the CKD-EPI and MDRD equations are not 'magic'. Serum creatinine remains the principal variable of the GFR-estimating equations, and if it is not accurately representing the individual's muscular mass [70] , there is little chance that including the creatinine into the equations would improve their performance. Classical examples are hyperfil-trating diabetic patients [49, 59, 71] and cirrhotic [72, 73] , renal transplanted [21, 51, 55] , elderly [21, 73] and anorectic patients [73] .
As clinicians, we have to know the GFR of individuals, not of populations. We have to treat patients, not statistical risks by associations. Therefore, we have to minimize the random error of the estimator, not only the systematic one. In fact, the true question might not be 'Is the CKD-EPI equation better for the estimation of my given patient?' but maybe 'Is there any chance that any creatinine-based equation is precise enough in my patient?' and 'Would it not be better to measure GFR by a reference method in my specific patient?' [20] . 
